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PHOSPHORIC ACID FREE PROCESS FOR POLYSILICON GATE DEFINITION 



BACKGROUND OF THE INVENTION 

( 1 ) Field of the Invention 

The present invention relates to methods used to fabricate semiconductor devices, and 
more specifically to a method used to define a polysilicon gate structure for a metal oxide 
semiconductor field effect transistor (MOSFET) device. 

Description of Prior Art 

Micro-miniaturization, or the ability to fabricate semiconductor devices with sub-micron 
features, has allowed the performance of the sub-micron device to be increased while the 
fabrication cost of the same sub-micron semiconductor device has been decreased. The smaller 
device features result in decreases in performance degrading parasitic capacitances in addition to 
allowing a greater number of smaller semiconductor chips, still comprised with device densities 
comparable to larger semiconductor chips, to be obtained from a specific size starting wafer thus 
reducing the process cost of each individual semiconductor chip. One critical dimension of sub - 
micron semiconductor or MOSFET devices, is the width of the conductive gate structure, or the 
channel length of the MOSFET device. This dimension is critical in determining MOSFET 
device performance. Conductive gate structures defined in polysilicon layers via photoresist 
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masking and dry etching procedures, have been used to define narrow width conductive gate 
structures. However to control this critical dimension anti-reflective coatings (ARC), layers are 
employed underlying the masking photoresist shape to optimize photoresist exposure and thus 
optimize the definition of the polysilicon gate structure using the narrow photoresist shape as an 
etch mask. To further insure critical dimension control of the masking photoresist shape a dual 
ARC strategy is used. The dual ARC technology comprises a bottom anti-reflective coating 
(BARC), layer underlying the pre-exposed photoresist layer and a dielectric anti-reflective 
coating (DARC), layer underlying the BARC layer, with the DARC layer sometimes comprised 
of silicon nitride or silicon oxynitride. After definition of the conductive gate structure removal 
of the DARC layer is accomplished using a hot phosphoric acid solution capitalizing on the high 
selectivity between the fast etching silicon nitride or silicon oxynitride DARC layer and 
underlying non-silicon oxide materials. However the hot phosphoric wet etch tanks if not 
frequently maintained can be loaded with unwanted particles as a result of previous applications. 
After DARC removal particles from the contaminated hot phosphoric acid wet etch tank can 
deposit on critical regions of the in - process MOSFET device resulting in yield loss. 

The present invention will describe a procedure for defining a MOSFET device conductive 
gate structure, wherein a dual ARC technology is used. However this invention will teach 
removal of a DARC layer without employment of hot phosphoric acid thus avoiding the 
contamination and possible yield detractors resulting from unwanted particles in the hot 
phosphoric acid. Prior art such as Yang et al in U.S. Pat. No. 6,579,809 Bl, Yu et al in 
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U.S. Pat. No. 6,403,432 Bl, and Tao et al in U.S. Pat. No. 6,524,938 Bl, describe process 
sequences in which ARC or B ARC layers are employed in defining polysilicon gate structures 
for MOSFET devices, however the above prior art do not describe the process sequence 
described in the present invention in which a dual ARC layer is used for critical dimension 
control and wherein a non- phosphoric acid procedure is used to remove dual ARC 
components. 

SUMMARY OF THE INVENTION 

It is an object of this invention to define a conductive gate structure such as a polysilicon 
gate structure, for a MOSFET device. 

It is another object of this invention to employ a photolithographic procedure featuring a 
dual anti-reflective coating (ARC), to improve the control of the critical dimension, a narrow 
width polysilicon gate structure, obtained via dry etching procedures. 

It is still another object of this invention to remove dual ARC layers comprised of an 
underlying dielectric ARC (DARC) layer and an overlying organic bottom ARC (BARC) layer, 
without the use of hot phosphoric acid, preventing particle contamination of the in-process 
MOSFET device sometimes encountered in hot phosphoric acid baths. 

In accordance with the present invention a method of defining a MOSFET polysilicon gate 
structure wherein a dual ARC coating, employed to enhance dimension control of the polysilicon 
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gate structure, is removed without the use of hot phosphoric acid. After deposition of a 
polysilicon layer on an underlying gate insulator layer a capping silicon oxide layer is formed on 
the underlying polysilicon layer. Formation of the dual ARC coating comprised of an underlying 
DARC layer and an overlying BARC layer, is next accomplished on the underlying silicon oxide 
layer. A photoresist shape is formed and used an etch mask to define the desired gate structure 
only in the dual ARC layers and in the capping silicon oxide layer. Removal of the photoresist 
shape also results in removal of the organic BARC layer, leaving the desired gate conductive 
shape in the dielectric DARC layer and in the underlying capping silicon oxide layer, overlying 
the blanket polysilicon layer. A selective, anisotropic reactive ion etching (REE) procedure is 
employed to define the desired shape in the polysilicon layer with the selective RIE procedure 
first removing the DARC layer then using the capping silicon oxide shape as the etch mask. The 
selective polysilicon REE procedure terminates at the appearance of the top surface of the gate 
insulator layer. A hydrofluoric acid dip is used to remove the capping silicon oxide shape as well 
as removing the portions of gate insulator layer not covered by the now defined polysilicon gate 
structure. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The object and other advantages of this invention are best described in the preferred 
embodiments with reference to the attached drawings that include: 

Figs. 1-6, which schematically in cross-sectional style, describe key stages used to define a 
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MOSFET polysilicon gate structure wherein a dual ARC coating, used to enhance dimension 
control of the polysilicon gate structure, is removed without the use of hot phosphoric acid. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The method of defining a polysilicon gate structure for a MOSFET device wherein a dual 
ARC coating is employed as a component of the defining photolithographic procedure, and 
wherein the dual ARC coating is removed without the use of hot phosphoric acid, will now be 
described in detail. Semiconductor substrate 1, comprised if P type single crystalline silicon 
featuring a <100> crystallographic orientation, is used and schematically shown in Fig. 1. Gate 
insulator 2, comprised of a gate dielectric layer such as thermally grown silicon oxide, silicon 
oxynitride, nitrogen doped silicon oxide or a high dielectric constant (high k) layer, is formed to a 
thickness between about 6 to 80 Angstroms on semiconductor substrate 1 . The silicon dioxide 
or nitrogen doped silicon oxide gate dielectric candidates are formed at a thickness between 
about 6 to 20 Angstroms, while silicon oxynitride or other high k gate dielectric alternatives are 
formed to a thickness between about 20 to 80 Angstroms. Conductive layer 3, a layer such as 
polysilicon, is next formed to a thickness between about 400 to 1800 Angstroms. The 
polysilicon layer can be in situ doped during deposition via the addition of arsine, or phosphine 
to a silane or disilane ambient, or the polysilicon layer can be deposited intrinsically then 
implanted with arsenic or phosphorous ions. If desired a metal silicide layer such as tungsten 
silicide, cobalt silicide, or nickel silicide, can be used as conductive layer 3. Silicon oxide 
layer 4, is next formed, to be used as a capping oxide layer for the subsequent polysilicon gate 
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definition procedure. Capping silicon oxide layer 4, is obtained at a thickness between about 100 
to 400 Angstroms via LPCVD or via plasma enhanced chemical vapor deposition (PECVD) 
procedures. To improve the ability to define the critical dimension in polysilicon needed for gate 
width control, anti-coating reflective (ARC), layers can be included as underlying or overlying 
component layers in a photoresist stack. The ARC layers minimize unwanted spreading 
phenomena that can occur during photoresist exposure procedures thus increasing the ability to 
obtain sharper images of the photoresist stack used as the mask for the polysilicon gate structure 
definition. Organic, bottom ARC (BARC) layers have been used to accomplish this objective, 
however to further optimize the critical polysilicon width dimension dual ARC coatings 
comprised of both an underlying dielectric ARC (DARC) layer and the overlying organic BARC 
layer can also be used as components of the photolithographic procedure. The DARC layer can 
be a silicon oxynitride (SiON) layer or a silicon nitride layer. Dielectric layer 5, employed in this 
current invention is a SiON layer obtained at a thickness between about 200 to 600 Angstroms, 
via PECVD procedures. Organic bottom anti-reflective coating (BARC) layer 6, is next applied 
at a thickness between about 500 to 1200 Angstroms. The result of these depositions and 
applications are schematically shown in Fig. 1 . 

Photoresist shape 7, is next formed via application of a photoresist layer, exposure of the 
photoresist layer and development or removal of exposed regions of the photoresist layer via 
alkaline developer solutions. The presence of the dual ARC layers, organic BARC layer 6, and 
DARC layer 5, reduced unwanted scatter during the exposure cycle resulting in a desired image 
of photoresist shape 7, between about 1 500 to 4000 Angstroms, after the development cycle. 
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The exposed portions of B ARC layer 6, are next removed via an anisotropic dry etching 
procedure such as a REE procedure, using a chemistry comprised with either CF 4 HBR, 0 2 , 
CHF 3 , or CH 2 F 2 as an etchant for organic BARC layer 6. The anisotropic REE procedure is 
continued to remove or trim exposed portions of D ARC layer 5, using a fluorine based chemistry 
such as CHF 3 CF 4 CH 3 F, or CH 2 F 2 as an etchant, resulting in a stack comprised of photoresist 
shape 7, organic BARC shape 6, and dielectric DARC shape 5, overlying capping silicon oxide 
layer 4. This is schematically shown in Fig. 2. 

Trimming of silicon oxide layer capping layer 4, is next addressed via continuation of the 
anisotropic REE procedure, again using either CHF 3 CF 4 CH 3 F, or CH 2 F 2 as a selective etchant 
for silicon oxide, using photoresist shape as the etch mask. This is shown schematically in 
Fig. 3. 

Transfer of the critical dimension in photoresist shape 7, to underlying DARC 
layer 5, allows removal of photoresist shape to now be performed. This is accomplished via 
plasma oxygen ashing and follow-up wet strip procedures for removal of photoresist shape 7. 
The process used to remove photoresist shape 7, also results in removal of organic BARC 
layer 6, resulting in an etch mask stack now comprised of DARC shape 5, and underlying silicon 
oxide capping shape 4, on blanket polysilicon layer 3. The result of the photoresist and organic 
BARC removal procedure is schematically displayed in Fig. 4. The present stack, comprised 
with the identical critical dimension previously defined in photoresist layer 7, will be used as an 
etch mask to pattern or define the desired narrow width, MOSFET polysilicon gate structure. 
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Another anisotropic RIE procedure using a chemistry comprised of Cl^ CF 4 HBr, and 0 2 
as etchants for polysilicon layer 3, is next performed resulting in polysilicon gate structure 3. 
The anisotropic RIE procedure also resulted in the removal of dielectric D ARC shape 5, with the 
selectivity, or the high etch rate ratio of D ARC or polysilicon to silicon oxide, allowing the RIE 
procedure to terminate at the appearance of the top surface of silicon dioxide gate insulator 
layer 2, as well as terminating at the appearance of capping silicon oxide shape 4, allowing 
capping silicon oxide shape 4, to perform as an etch mask to transfer the critical dimension in the 
polysilicon layer. This is schematically shown in Fig. 5. Of great importance is the employment 
of a dry etch procedure for removal of D ARC shape 5, avoiding the use of a hot phosphoric acid 
for DARC removal. The cleaner dry etch procedure avoids the particles encountered in hot 
phosphoric acid procedures and thus eliminates possible MOSFET yield loss resulting from 
particle contamination. 

A hydrofluoric acid type procedure, either a dilute hydrofluoric (DHF), or a buffered 
hydrofluoric (BHF), wet procedure, is then applied to remove portions of silicon dioxide gate 
insulator layer not covered by polysilicon gate structure 3. Capping silicon oxide shape 4, is also 
selectively removed during this procedure resulting in polysilicon gate structure 3, on underlying 
silicon dioxide gate insulator layer 2, with the desired critical dimension for the polysilicon gate 
structure successfully transferred via use of a dielectric DARC layer, and with the DARC layer 
removed via an integrated transfer procedure accomplished without the use of a contaminating 
hot phosphoric acid bath. This is schematically shown in Fig. 6 
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Other iterations of this invention feature definition of a stack comprised of photoresist 
shape 7, BARC shape 6, and DARC shape 5, followed by an oxygen ashing procedure removing 
both photoresist shape 7, and organic BARC shape 6, leaving DARC shape 5, as an etch mask 
for anisotropic etching or trimming of capping silicon oxide layer 4. The definition of 
polysilicon gate structure 3, is again accomplished via dry etching procedures wherein DARC 
shape 5, is again removed during the dry etch procedure, again avoiding the use of hot 
phosphoric acid. 

While this invention has been particularly shown and described with reference to the 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made without departing from the spirit and scope of this 
invention. 



What is claimed is: 



9 



